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Description
FIELD OF THE INVENTION

[0001] The present invention is related to implantable
medical devices, and is particularly related to implantable
microelectronic devices.

BACKGROUND OF THE INVENTION

[0002] Biocompatibility is a critical concern for medical
devices that are designed to be implanted in vivo. Bio-
compatibility is necessary to avoid adverse reactions in
the subject, and to avoid device failure as a result of ex-
posure to the corrosive saline body fluids and other sub-
stances in the tissue surrounding the implant. Where an
implanted device includes one or more components that
are not, themselves, biocompatible, it is known to provide
hermetic sealing of such devices with a chemically inert
coating to achieve biocompatibility, i.e., in order to avoid
adverse reactions and device degradation. Many such
implantable devices are intended to remain in place over
long periods of time, imposing a long life requirement on
the manner of hermetic sealing.

[0003] Miniature implantable medical devices com-
monly include microelectronic components, such as in-
tegrated circuit chips fabricated on silicon substrates. lon
beam assisted deposition ("IBAD") of alumina, often re-
ferred to an aluminum oxide (Al,O5), has been proposed
for hermetically sealing such devices. Alumina has good
biocompatibility, and IBAD is a useful technique for de-
positing dense, adherent, defect-free conformal thin
films. The use of IBAD to deposit alumina on implantable
medical devices is described in U.S. Pat. No. 6,844,023,
entitled . "Alumina Insulation For Coating Implantable
Components And Other Microminiature Devices."
[0004] Most implantable microelectronic devices re-
quire means for connecting to the devices for purposes
of supplying power to the device or for routing electrical
signals to or from the device. Such devices include, for
example, stimulators which operate by providing current
to the surrounding tissue; and sensors which measure
chemical or electrical properties of the surrounding tis-
sue. When an insulator, such as alumina, is used as a
coating on a device to provide hermetic sealing, a con-
ductive path through the alumina to an external contact
is typically required. For implantable devices fabricated
on silicon using standard silicon processing technology,
the contact pads on the device are normally copper or
aluminum, neither of which is biocompatible. Thus, sem-
iconductor device contact pads cannot simply be left ex-
posed by patterning the surrounding alumina layer.
[0005] A prior art structure addressing the need to pro-
vide means for connecting to a sealed, implantable elec-
tronic device is disclosed in U.S. Pat. No. 6,516,808, en-
titted "Hermetic Feedthrough For An Implantable De-
vice." The '808 patent depicts several embodiments of
"hermetic" electrical feedthrough structures. Thus, the
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embodiment of FIGS. 5A and 5B of the patent show sim-
ple via structures, while the embodiments of FIGS. 6A,
6B and 7 show "serpentine" feedthrough structure which
are said to provide greater "hermeticity." Implicit in the
‘808 patent’s discussion of the serpentine feedthrough
structures, and as confirmed by the inventors hereof, is
the factthatthe prior art simple via feedthrough structures
are not adequately hermetic, particularly in applications
where they will remain in vivo for a lengthy period. While
use of a serpentine structure may overcome this inade-
quacy, such structures are generally more difficult to fab-
ricate and, in some instances, consume valuable "real
estate" on the surface of the device.

[0006] Another approach to providing a hermetic elec-
trical path through a conformal electrically insulating film
is described in co-assigned U.S. Pat. No. 6,858,220. The
’220 patent describes extremely thin (e.g., 40 nm) ultra-
nanocrystalline diamond coatings wherein an electric
path through the film is created by selective ion implan-
tation. Unfortunately, this solution has limited applicabil-
ity to extremely thin films that can be rendered suitably
conductive by ion implantation.

[0007] Accordingly, a structure which provides better
hermetic sealing of a feedthrough between an implanta-
ble microelectronic device and the surface of an encap-
sulating insulator is needed.

SUMMARY OF THE INVENTION

[0008] The present invention is defined by the micro-
electronic apparatus of claim 1 and the method of claim
15.

[0009] Inafirstaspect,the presentinventionis directed
to an implantable microelectronic device having an elec-
trical contact pad that is made of a non-biocompatible
material; a plurality of thin, biocompatible, patterned con-
ductive layers formed over the electrical contact pad, the
top surface of the patterned conductive layers defining
an electrical contact, and the first conductive layer being
in direct contact with the electrical contact pad; a biocom-
patible electrically insulating material hermetically sur-
rounding the device, the electrically insulating material
having an aperture wherein the electrical contact is po-
sitioned. Preferably the electrically insulating material is
a biocompatible ceramic, such as alumina, and the pat-
terned conductive layers comprise one or more platinum
layers formed on one or more titanium layers. The mi-
croelectronic device may be an integrated circuit chip,
such that the electrical contact pad is aluminum or cop-
per. The first patterned conductive layer is larger in its
lateral dimensions than the contact pad, such that the
layer extends beyond the edge of the contact pad, form-
ing a shoulder.

[0010] In another aspect the present invention is di-
rected to an implantable device, comprising a microelec-
tronic device having a conductive contact pad surround-
ed by electrically insulating material, at least one pat-
terned titanium layer formed on the contact pad and ex-
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tending beyond the edge of the contact pad, at least one
patterned platinum layer formed over the titanium layer,
the platinum layer having an exposed upper contact sur-
face, and an alumina layer hermetically surrounding the
microelectronic device and the patterned layers, the alu-
mina layer having an aperture which exposes the upper
contact surface. Preferably, the device has a plurality of
patterned titanium layers and a plurality of patterned plat-
inum layers, and one of the patterned titanium layer de-
fines a shoulder.

[0011] In another aspect the present invention is di-
rected to a method of making an implantable device hav-
ing an electrical contact, comprising: (1) providing an
electrical device having a contact pad, (2) forming a plu-
rality of biocompatible, patterned conductive layers over
the contact pad, the plurality of conductive layers having
afirstlayer formed on the contact pad and a top electrical
contact surface, (3) forming a hermetic, biocompatible
electrically insulating layer over the resulting structure,
and (4) forming an aperture in the electrically insulating
layer to expose the electrical contact surface. Preferably,
the hermetic, biocompatible electrically insulating layer
is a ceramic material, such as alumina, formed by ion
beam assisted deposition. Likewise, preferably the pat-
terned conductive layers are formed by ion beam assist-
ed deposition of metals, such as titanium and platinum,
and atleast one patterned conductive layer is larger than
the contact pad such that it extends beyond the edge of
the contact pad. In addition, preferably, at least one of
the patterned conductive layers has a shoulder. The step
of forming an aperture preferably comprises use of laser
machining. A sacrificial layer may optionally be formed
over the top electrical contact surface, such that the top
electrical contact surface is protected during subsequent
processing. Thereafter, the sacrificial layer may be re-
moved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing aspects and the attendant ad-
vantages of this invention will become more readily ap-
parent by reference to the following detailed description
when taken in conjunction with the accompanying draw-
ings, wherein:

[0013] FIG. 1 is a cross-sectional view of an embodi-
ment of the present invention.

[0014] FIG. 2Ais a cross-sectional view of the embod-
iment of FIG. 1 at an interim step during fabrication.
[0015] FIG. 2B is a cross-sectional view of the embod-
iment of FIG. 1 at a later step of fabrication.

[0016] FIG. 3 is a cross-sectional view of an alternate
embodiment of the present invention having a built up
electrode.

[0017] FIG. 4 is a cross-sectional view of an alternate
embodiment of the present invention showing the mask
deposition.

[0018] FIG. 5is a cross-sectional view of an alternate
embodiment of the present invention showing the mask
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patterning.

[0019] FIG. 6 is a cross-sectional view of an alternate
embodiment of the present invention showing the mate-
rial deposition.

[0020] FIG. 7 is a cross-sectional view of an alternate
embodiment of the present invention showing the mask
polymer removal.

[0021] Reference symbols are used in the Figures to
indicate certain components, aspects or features shown
therein, with reference symbols common to more than
one Figure indicating like components, aspects or fea-
tures shown therein. It is noted that none of the figures
usedtodescribe the presentinvention are drawnto scale,
and various features and dimensions are greatly exag-
gerated to facilitate the discussion.

DETAILED DESCRIPTION

[0022] In general, the present invention is directed to
an implantable micro-miniature electronic device, and
method of manufacture, with an external electrical con-
tact surface, that has excellent hermetic properties.
[0023] An exemplary embodiment of an implantable
microelectronic device 10 of the present invention is de-
picted in the simplified, cross-sectional view of FIG. 1. A
silicon integrated circuit chip ("IC") 20 comprises a top
electrically insulating (passivation) layer 30 and an elec-
trical contact pad 40 which extends through layer 30 to
the surface of IC 20. While the exemplary embodiment
of the invention is described in conjunction with IC 20,
the invention is also useful with other types of microelec-
tronic devices, whether or not they are fabricated on sil-
icon, which require a hermetic electrical connection.
Therefore, the present invention should not be viewed
as restricted to use with IC chips.

[0024] While only one contact pad 40 is shown in FIG.
1, those skilled in the art will appreciate thatan IC typically
has alarge number of such pads. Contact pad 40 is made
of copper, aluminum or aluminum alloy in accordance
with standard silicon IC designs and fabrication tech-
niques. As noted, such materials are not biocompatible
and so itis necessary to hermetically isolate them. Thus,
in accordance with the present invention, overlying IC
contact pad 40 are multiple layers of metals, or other
conductive materials, with suitable hermetic and biocom-
patible properties. In the exemplary embodiment depict-
edin FIG. 1, there are two patterned layers of, preferably,
platinum 50a, 50b, formed on top of two patterned layers
of, preferably, titanium 60a, 60b. Alternatively, the pat-
terned layers may be made of iridium, palladium, nio-
bium, titanium nitride or other biocompatible metals or
metal alloys. While two layers of titanium and two layers
of platinum are shown, any suitable number of layers of
these, or other similar hermetic conductors may be used,
as described in greater detail below. The upper surface
55 of the uppermost conductive layer, i.e., platinum layer
50a, serves as an electrical contact pad for device 10.
The entire device is encased in a biocompatible electri-
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cally insulating material 70, such as alumina, which her-
metically and electrically isolates IC chip 20. An aperture
80 is formed through the surrounding alumina 70 to pro-
vide access to upper contact surface 55, thereby ena-
bling electrical connection with the device.

[0025] A feature of the present invention is that layer
60bis largerthan contact pad 40 inits lateral dimensions.
Thus, for example, if contact pad 40 is circular with a
radius r, then layers 60b may be dimensioned to have a
radius R, where R > r. Alternatively, if contact pad 40 is
a square with a side dimension a, then layer 60b may
have a side dimension A, where A > a. ltis not necessary
that layer 60b have the same shape as contact pad 40.
Thus, pad 40 may be square, while layer 60b is circular.
What is important, according to a feature of the present
invention, is that layer 60b extends beyond the edge of
pad 40 in every direction. As described in greater detail
below, this provides better hermetic isolation of pad 40
and compensates for any small mask misalignments dur-
ing fabrication.

[0026] A process for fabricating exemplary device 10
is now described in connection with FIGS. 2A and 2B.
The fabrication and design of IC chip 20, or other device
used with the present invention, is not considered part
of the invention and, therefore, will not be described. Mul-
tiple layers 60a, 60b, of titanium are formed on top of IC
contact pad 40. As described above, while two layers are
shown, any suitable number of layers may be used. In
some applications a single layer of titanium may be suf-
ficient. It will be appreciated that each additional layer
adds expense and processing time. On the other hand,
use of more than one layer improves hermetic properties.
[0027] According to the present invention at least the
first titanium layer, and preferably all of the titanium lay-
ers, overlying pad 40 are larger in areal extent than pad
40, such that they extend beyond the entire edge of pad
40. As described above, this compensates for any inac-
curacy in alignment and ensures that the surface of pad
40 is completely covered. Since a portion of the bottom
titanium layer 60b is deposited on IC insulation layer 30,
the insulation layer can be pretreated to promote adhe-
sionwith the titanium. Methods of pretreating may include
sputtering, RIE, oxygen etch, plasma treatment or com-
bination of two or more of these methods.

[0028] Preferably, one or more mask layers (not
shown) formed by standard photolithography are used
to define location of titanium deposition. Preferably, tita-
nium deposition is done using ion beam assisted depo-
sition ("IBAD"). Specifically, the masked IC substrate is
held above a source of condensing titanium ions, while
being simultaneously bombarded with ions from a plas-
ma, such as argon. Those skilled in the art will appreciate
that by carefully controlling the ion beam energy, the cur-
rent density and the flux of titanium atoms, a dense, rel-
atively defect free titanium layer can be obtained. The
substrate may be rotated during the IBAD deposition of
titanium to improve the uniformity of the layer. Additional
layers of titanium may be deposited in like manner. In
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one method of implementing the present invention, rota-
tion of the substrate is reversed with each successive
layer.

[0029] If titanium is adequate for the application of im-
plantable device 10, metal deposition could be stopped
at this point. However, in accordance with a preferred
embodiment, one or more platinum layers are deposited
over the titanium layers. The platinum layers may be de-
posited using IBAD, as described above. However, the
optimal process parameters, i.e., ion beam energy, the
current density and the flux of atoms will differ. It is pre-
ferred, as shown in FIG. 2A, to set the diameter of the
platinumlayers 50a, 50b to be smaller than the underlying
titanium layers 60a, 60b, so that there is an exposed
shoulder or annulus of titanium 65. Titanium shoulder 65
serves as an adhesion promoter for the overlying elec-
trically insulating hermetic material. However, use of a
titanium shoulder is not necessary, and all of the conduc-
tive layers may, instead, have substantially the same di-
ameter.

[0030] A thin sacrificial titanium layer 200 is then pref-
erably deposited on top of uppermost platinum layer 50a
to protect electrical contact surface 55 during subsequent
processing. The sacrificial titanium layer may be formed
in a manner similar to that described for the other metal
layers, i.e., using photolithography and IBAD. It is noted
that since sacrificial layer 200 is intended to be tempo-
rary, it need not have the same integrity as the other
layers.

[0031] As shownin FIG. 2B, after the various titanium
and platinum layers are deposited, the entire device is
hermetically encased in an insulator such as alumina. As
previously noted, the surrounding alumina 70 may be
deposited using IBAD in a known manner. As is known,
deposition of an alumina to hermetically encase the de-
vice may require iterative processing steps whereby the
device is repositioned between deposition steps such
that all surfaces of the device are exposed. While this
might be considered to constitute multiple layers, for pur-
poses of the present application, these multiple layers
are collectively considered to be a single hermetic layer.
While use of alumina is preferred, other electrically insu-
lating materials may also be used.

[0032] In order to obtain a long-lasting hermetic seal
the material selected for encasing the device should ad-
here strongly to the exposed surfaces. Loss of adhesion
at the interfaces between the layers due to mechanical
or thermal stresses encountered during processing or
thereafter can create a leakage pathway that allows fluid
to migrate into the device. It is noted that shoulder 65
serves as a barrier against fluid migration in case there
is a loss of adhesion between alumina 70 and platinum
layers 50a, 50b. In addition, the fact that titanium layer
60b extends beyond the edge of IC contact pad 40 further
provides a further barrier against fluid migration to the
surface of the pad.

[0033] Titanium is preferred for use in the present in-
vention because of its strongly adhesive properties. In
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particular, titanium adheres strongly both to aluminum or
copper pads on an IC, and also to platinum and alumina.
Titanium is not only less costly than platinum, but it also
has better adherence, particularly in respectto aluminum
IC pads. However, in some applications, it may be ac-
ceptable to use only platinum.

[0034] As depicted in FIG. 2B, hermetic insulator 70
completely encases the device. Thereafter, an aperture
is formed through the insulator 70 to uncover the elec-
trode structure. In one method of making the implantable
device of the present invention, the aperture is created
by laser drilling. Any remaining portion of sacrificial layer
200 may then be removed, such as by a suitable etching
process, preferably one that selectively etches titanium.
The resulting structure is shown in the previously de-
scribed FIG. 1. If necessary, suitable biocompatible wires
(not shown) can then be attached to surface 55, for ex-
ample, by wirebonding.

[0035] Further, as shown in figures 3 additional metal
90, preferably platinum, palladium, iridium or alloys there-
of may be built up in the aperture 80, to improve contact
with neural tissue. This may be accomplished by several
processes, but preferably by electroplating. While figure
3 shows amushroom shaped electrode it should be noted
that the electrode may be flush or concave.

[0036] A surface of exposed, non-passivated, alumi-
num electrode is connected to a current driver. The cur-
rent passes through this electrode into a human body.
The exposed surface may be a via, or recording elec-
trode, rather than a stimulating electrode. The exposed
surface may be sircular. A metal or a combination of met-
als, alloys or layers, can be deposited on top of this sur-
face. It is preferred to first deposit titanium metal in a
radius that is larger than the circular aluminum metal so
that it overlaps the native passivation. This ensures that
the aluminum is completely covered. The titanium dep-
osition is done by IBAD. The substrate is held above the
source of condensing titanium atoms while being simul-
taneously bombarded by ions, typically Ar*. The ion
beam energy, the current density, and atom arrival rates
are controlled precisely to ensure that the metal film is
growing in as dense manner as possible. The holder for
the substrate is rotating in order to increase deposition
uniformity. A second layer of titanium may be deposited,
possibly with holder rotating in the opposite direction.
Two or more layers advance the hermetic film.

[0037] Afinal platinum layer is preferably applied. The
titanium interlayer serves two purposes. The titanium al-
lows building up some thickness of metal that will assist
in hermeticity while consuming less of the more precious
platinum. The titanium layer promotes the adhesion as
the platinum layer adheres well to titanium but not as well
to aluminum. If platinum adheres well to the base metal
the adhesion layer, like titanium is not required.

[0038] The platinum metal is deposited in a similar
manner although the optimal process parameters, like
beam energy, current density, and atom arrival rate will
differ. It is preferred to deposit two or more platinum lay-
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ers in order to further ensure hermeticity. It is preferred
but not essential to make the diameter of the platinum
electrodes smaller than the diameter of the titanium elec-
trodes, such that the titanium has an exposed annulus
of material that will serve as an adhesion promoter to any
film that may subsequently be deposited. Any number of
layers of hermetic metal may be applied according to this
method.

[0039] A cap layer of sacrificial metal is preferred. A
sacrificial metal can be applied first if any subsequent
processing of the substrate includes a process that could
damage the surface of the electrode. This layer could
absorb the damage and be subsequently removed, for
example by etching, to expose a pristine surface of the
desired metal. Titanium can be evaporated onto platinum
surface to a thickness of about <5 pum. The subsequent
exposure to a laser results in melting of the titanium. The
residual titanium can be removed by an etchant, which
removes the titanium but does not affect the underlying
platinum.

[0040] Patterning of films deposited under harsh envi-
ronmental conditions is achieved by ion beam assisted
deposition (IBAD), which exposes the substrate to high
temperature, high vacuum and ion beam bombardment.
See F.A. Smidt, International Materials Reviews, 35
(1990) 61 and J.K. Hirvonen, Mater. Sci. Rep. 6 (1991)1.
[0041] If a liftoff technique is desired only a few com-
mon photoresists survive that environment. Furtherame-
chanical shadow mask may not be able to meet the layout
design rules. The present disclosure provides a novel
approach was using a polymer, like polyimide as the pat-
terning mask. Other polymers are thermoplastic polyim-
ide (Imidex®), epoxy resin, parylene, silicone, liquid crys-
talline polymer, or PEEK (Victrex®). The method is useful
during the integration of stimulation electrodes onto an
ASIC component. The method "Peel Off Lift Off
(P.O.L.O.) patterning, unexpected and surprisingly cre-
ated high resolution, high aspect ratio, multilayer metal
post structures on a silicon ASIC device.

[0042] Two methods of patterning are commonly ap-
plied in microelectronic processes, etchback and liftoff.
In the etchback method a blanket layer of material is de-
posited on the entire substrate surface. Those areas in
which the deposited material is not desired are then
cleared by subtractive micromachining. The subtractive
micromachining step might require photolithography or
other masking prior to removal of the excess material by
chemical or mechanical means. In the liftoff method a
patterned mask is placed on the substrate surface prior
to deposition of the additional material. The mask layer
is then stripped, leaving behind the new layer only in
those regions where its presence is desired.

[0043] Integrated neurostimulators can take forms of
Si ASIC chips integrated with Al electrode arrays. To
make the electrode array suitable for neural stimulation,
the Al electrode has to be covered by other biocompatible
electrode materials, such as Ti and Pt. Other conductive
biocompatible metals are palladium, gold, or silver. Other
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conductive biocompatible materials iridium, iridium oxide
or titanium nitride. The advantages of this method are:
Ptand Ticoverage of Alrenders the chip biocompatibility;
the hermeticity provided by the metal stackup layer pre-
vents moisture ingress to the inside of the chip during
neural stimulation; and the outside Pt layer endures well
of prolonged stimulation without significant corrosion and
degradation.

[0044] IBAD deposition of metal Ti and Pt results to be
effective in achieving those advantages. However, IBAD
requires such as high temperature and low pressure. The
P.O.L.O. technique provides surprising results by apply-
ing smoother conditions.

[0045] The P.O.L.O. process begins on a silicon sub-
strate having a surface of a native oxide or passivation
of additive oxide or nitride. Openings in the surface pas-
sivation exist to aluminum bond pads. Onto this substrate
in wafer form is spun a 5 um to 15 pm, preferably ap-
proximately 8 um thick film of polyimide precursor, which
is subsequently cured into polyimide. A thin film alumi-
num mask layer is then sputtered onto the polyimide sur-
face and patterned using traditional dark field photoli-
thography. The features now present as openings in the
aluminum are transferred into the polyimide film using a
reactive ion etch system. The aluminum bond pads on
the underlying silicon substrate act as an excellent etch
stop to the subsequent RIE process. The surrounding
passivation material exhibits a high etch rate selectivity,
which results in only a minimal removal of the material
which is exposed to reactant species. The partial etch of
the passivation layer may be beneficial if not overdone
since the cleanliness and slight roughness created there-
in are conductive to stronger bonding between the metal
deposit and the passivation layer.

[0046] The exposed wafer surface should be cleaned
to remove any RIE residues before additional processing
is performed. An ultrasonic cleaning of the wafer in DI
water is applied for 3 min. After the desired openings are
created in the polyimide film, the wafer is placed into an
IBAD chamber for deposition of a 2 um to 8 um, prefer-
ably about 4 um layer of titanium. The original thin film
aluminum mask can be left in place or removed prior to
IBAD processing to avoid any possible contamination of
the deposited metal. When the IBAD titanium process is
completed the wafer is removed from the chamber and
prepared for lift off. The wafer is coated in some cases
with a second IBAD film of either 1 um to 5 um, preferably
about 3 wm platinum or titanium. The polyimide film is
peeled from the silicon surface taking with it all metal
from outside the desired feature locations by cleaving a
sliver of wafer from the back side, and pulling it across
the wafer face. The resulting wafer surface is smooth and
free of residues.

[0047] The is repeated on some prototype wafers to
permit the patterning of a second metal layer, of smaller
diameter, on top of the first set of titanium posts. The
second film contains either 3 pum platinum and/or titani-
um. Parts are fabricated on bare silicon wafers and pas-
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sivated with nitride. Post features are laid outin an area
array manner to explore the basic peel off concept, test
IBAD material post adhesion, and determine the feasi-
bility of multilayer processing (without the additional effort
of polyimide planarization). A variety of post grids are
tested to determine minimum pitch limits and process
uniformity. This way the chosen combinations are spec-
ified. IBAD metal layers up to 7 wm thick have been suc-
cessfully processed and feature sizes down to 20 pm to
30 wm, preferably about 25 pm diameter on a 100 pum
to 150 um, preferably about 125 pwm pitch are achieved
with >99% yield on a 3" sample.

[0048] Initial evaluation focused on the yield achieved
after peeling off the polyimide mask film. For all features
of 25 pum diameter or greater on a pitch of 125 um or
greater yield in excess of 99% was found after visual
observation. Feature spacing proved to be a limiting fac-
tor independent of feature diameter, as the polyimide
mask layer would tear in cases were adjacent feature
edges were within 50 pm.

[0049] The adhesion is qualitatively evaluated using a
simplified tape peel test. No failures are found between
the base titanium post and the substrate. Between the
stacked IBAD metal layers, failure depends on the ma-
terial set. For the titanium on titanium samples, 100% of
the posts remain in place after the tape is peeled. For
the platinum on titanium samples, 90% of the posts re-
main in place after the tape is peeled.

[0050] The results are corroborated by a crude scratch
shear test performed on each post stack. In this test a
scalpel blade is manually dragged over the post stacks
in an attempt to induce mechanical failure. For the tita-
nium on titanium samples the blade cuts through the post
while for the platinum on titanium samples the blade
causes the platinum disk to separate from the underlying
titanium.

[0051] These results prove that the integrity of inter-
faces between individual layers is critical and dependent
on materials. In cases of Ti/Ti stackups, oxidation of the
first Ti layer does not seem to jeopardize the integrity of
Ti/Ti stickups. The oxidation is due to exposure to air
after IBAD deposition and RIE of the PI mask layer for
the second Tilayer deposition. However, in cases of Ti/Pt
stackups, the bonding between the first Ti layer and the
second Pt layer is somewhat weakened due to the oxi-
dation of the first Ti layer, which compromises the appli-
cation as neural stimulation electrodes. It has been prov-
en that Pt sticks fairly well to Ti when it is not oxidized.
[0052] Stimulating electrode sites and basic embed-
ded circuitry are simulated by test structure foundry wa-
fers containing bond pads. The same technique is imple-
mented successfully on these foundry processed wafers
without negatively impacting the performance of embed-
ded transistor elements.

[0053] This work is achieved using a crude Mylar™
mask and reflects a lower limit of the resolution capabil-
ities. With more accurate glass photomasks successful
processing of features with a minimum dimension of 10
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wm up to a 75 wm pitch is achieved.

[0054] If a multilayer stack of IBAD material is desired,
several configurations can be realized. A single polyimide
layer can be used to pattern several sequential films so
long as their total thickness is less than the mask layer
thickness. Should this simple columnar structure be in-
sufficient, the post diameter can be either reduced or
enlarged for subsequent films. Alternatively, subsequent
films can be deposited in other wafer locations should
that be desired.

[0055] The material properties of polyimide make it
suitable for use in deposition environments over a wide
range of conditions. Temperatures slightly over 400°C
can be handled for durations of at least an hour and ex-
posure to vacuum in the low millitorr range is possible.
[0056] Etched features in the polyimide layer exhibit
vertical or slightly undercut cross sectional profiles due
to the mechanism involved in this patterning technique.
The deposited material would otherwise be deformed or
even popped off the substrate surface during the mask
peeling step. Proper RIE (or laser) parameters ensure
the necessary wall characteristics. Release layers such
as parylene, or fluoropolymer can also be applied.
[0057] FIGS. 1-4 show the sequence of the peel-off,
lift-off metal patterning method. The polymer is patterned
to open regions in the location and shape of the desired
material features. The desired material is then deposited.
After deposition, the mask polymer is peeled away from
the substrate, leaving behind the deposited material in
the patterned regions alone.

[0058] FIG. 4 is a cross-sectional view of an alternate
embodiment of the present invention showing the mask
deposition. This is the first step of the process, the poly-
mer mask deposition. A polymer mask 2 is deposited on
ahostsubstrate 1. Examples of polymer deposition meth-
ods are spin coating, meniscus coating or lamination.
[0059] FIG. 5is a cross-sectional view of an alternate
embodiment of the present invention showing the mask
patterning. This is the second step of the process, the
polymer mask patterning, yielding a patterned mask pol-
ymer 2. Examples of polymer patterning methods are wet
etching (liquid chemicals etc.), or dry etching (plasma,
laser, gaseous chemical etc.).

[0060] FIG. 6 is a cross-sectional view of an alternate
embodiment of the present invention showing the mate-
rial deposition. This is the third step of the process, the
material deposition yielding a deposited material 3. Ex-
amples of material deposition methods are PVD (physical
vapor deposition such as evaporation, sputtering etc.),
or CVD (chemical vapor deposition).

[0061] FIG. 7 is a cross-sectional view of an alternate
embodiment of the present invention showing the mask
polymer removal. This is the fourth step of the process,
the polymer mask removal. This is a key difference from
current Lift-Off methods which rely on decomposition
(dissolution, etching etc) of the mask layer to remove it
from the substrate, yielding a patterned material 4. The
method described herein is also different from shadow
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masking, since it provides superior resolution, density,
alignment and other characteristics.

[0062] The advantages of the present method are high
temperature compatibility, high vacuum compatibility,
chemically resistance, resistance to high energy particle
bombardment, high resolution, high density, and high
alignment accuracy.

[0063] The process of the present invention is partic-
ularly well suited for patterning of films deposited under
harsh environmental conditions such as high tempera-
ture, low vacuum and ion or other species bombardment.
One example provided in this invention is the packaging
of an array of integrated electrodes for neural stimulation
on an ASIC device. Stackups of biocompatible metals
were successfully applied by this P.O.L.O. technique to
hermetically cover the original Al that came with the in-
tegrated Si ASIC chip, making it biocompatible and there-
fore human body implantable.

[0064] The embodiments described above are illustra-
tive of the present invention and are not intended to limit
the scope of the invention to the particular embodiments
described. Accordingly, while one or more embodiments
of the invention have been illustrated and described, it
will be appreciated that various changes can be made
therein without departing from the essential characteris-
tics thereof. Accordingly, the disclosures and descrip-
tions herein are not intended to be limiting of the scope
of the invention, which is set forth in the following claims.

Claims

1. Animplantable microelectronic apparatus (10), com-
prising:
a microelectronic device (20) having an electrical
contact pad thereon (40), the contact pad being
made of a non-biocompatible material, at least one
biocompatible patterned conductive first layer (60a,
60b) formed over said electrical contact pad, the first
layer of said at least one patterned conductive first
layer extending laterally on said electrical contact
pad to and beyond the entire edge of said electrical
contact pad, forming a shoulder with said electrical
contact pad, wherein the first layer of said at least
one patterned conductive first layer is in direct con-
tact with said electrical contact pad, at least one bio-
compatible patterned conductive second layer (50a,
50b) formed over said at least one patterned con-
ductive first layer, the top surface (55) of said at least
one patterned conductive second layer defining an
external electrical contact surface, a biocompatible
electrically insulating material (70) hermetically sur-
rounding said microelectronic device, said electrical-
ly insulating material having an aperture (80) wherein
said external electrical contact surface is positioned.

2. The implantable microelectronic apparatus of claim
1 wherein said electrically insulating material is a ce-
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ramic.

The implantable microelectronic apparatus of claim
2 wherein said ceramic is alumina, Zirconia, or alu-
minum nitride.

The implantable microelectronic apparatus of claim
2 wherein said ceramic is alumina.

The implantable microelectronic apparatus of claim
2 wherein said electrically insulating material is a
metal oxide.

The implantable microelectronic apparatus of claim
1 wherein a first layer of said at least one patterned
conductive layer comprise gold, nickel, or chromium.

The implantable microelectronic apparatus of claim
1 wherein a first layer of said at least one patterned
conductive layer comprise a titanium layer.

The implantable microelectronic apparatus of claim
1 wherein a second layer of said at least one pat-
terned conductive layer comprise at least one bio-
compatible metal.

The implantable microelectronic apparatus of claim
1 wherein said at least one patterned conductive lay-
er comprise a platinum layer.

The implantable microelectronic apparatus of claim
7 comprising a platinum layer formed over said tita-
nium layer.

The implantable microelectronic apparatus of claim
1 wherein said at least one patterned conductive lay-
er comprise at least one platinum layer formed over
at least one titanium layer.

The implantable microelectronic apparatus of claim
1 wherein said substrate comprising a microelec-
tronic device is an integrated circuit chip and said
electrical contact pad is aluminum, aluminum alloy,
copper or copper alloy.

The implantable microelectronic apparatus of claim
1 wherein said first patterned conductive layer is ti-
tanium and at least one overlying conductive layer
is platinum.

The implantable microelectronic apparatus of claim
1 wherein one of said conductive layers defines a

shoulder (65).

A method of making an apparatus (10) having an
electrical contact, comprising the steps of:

providing an electrical device (20) having a con-
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tact pad (40),

forming at least one biocompatible patterned
conductive first layer (60a, 60b) over said con-
tact pad which extends laterally on said electrical
contact pad to and beyond the entire edge of
said electrical contact pad, forming a shoulder
with said electrical contact pad, said atleastone
conductive first layer having a first layer formed
on said contact pad, forming at least one bio-
compatible patterned conductive second layer
(50a, 50b) over said at least one patterned con-
ductive first layer, said at least one patterned
conductive second layer having a top electrical
contact surface (55), hermetically encasing the
resulting structure in an biocompatible electrical
insulator (70), forming an aperture (80) in said
electrical insulator to expose said electrical con-
tact surface.

Patentanspriiche

1.

Implantierbare Mikroelektronikvorrichtung (10), um-
fassend:

eine Mikroelektronikvorrichtung (20) mit einer elek-
trischen Kontaktstelle (40) darauf, wobei die Kon-
taktstelle aus einem nicht biokompatiblen Material
besteht, zumindest eine biokompatible strukturierte
leitfahige erste Schicht (60a, 60b), die Uiber der elek-
trischen Kontaktstelle ausgebildet ist, wobei die ers-
te Schicht der zumindest einen strukturierten leitfa-
higen ersten Schicht sich seitlich auf der elektrischen
Kontaktstelle hin zu dem und Uber den gesamten
Rand der elektrischen Kontaktstelle hinaus erstreckt
und eine Schulter mit der elektrischen Kontaktstelle
bildet, worin die erste Schicht der zumindest einen
strukturierten leitfahigen ersten Schicht in direktem
Kontakt mit der elektrischen Kontaktstelle steht, zu-
mindest eine biokompatible leitfahige zweite Schicht
(50a, 50b), die Uiber der zumindest einen strukturier-
ten leitfahigen ersten Schicht ausgebildet ist, wobei
die oberste Flache (55) der zumindest einen struk-
turierten leitfahigen zweiten Schicht eine externe
elektrische Kontaktflache definiert, ein biokompatib-
les elektrisch isolierendes Material (70), das die Mi-
kroelektronikvorrichtung hermetisch umgibt, wobei
das elektrisch isolierende Material eine Offnung (80)
aufweist, worin die externe elektrische Kontaktflache
positioniert ist.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 1, worin das elektrisch isolierende Material
ein Keramikwerkstoff ist.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 2, worin der Keramikwerkstoff Aluminiumo-
xid, Zirkonium oder Aluminiumnitrid ist.
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Implantierbare Mikroelektronikvorrichtung nach An-
spruch 2, worin der Keramikwerkstoff Aluminiumoxid
ist.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 2, worin das elektrisch isolierende Material
ein Metalloxid ist.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 1, worin eine erste Schicht der zumindest ei-
nen strukturierten leitfahigen Schicht Gold, Nickel
oder Chrom umfasst.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 1, worin eine erste Schicht der zumindest ei-
nen strukturierten leitfahigen Schicht eine Titan-
schicht umfasst.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 1, worin eine zweite Schicht der zumindest
einen strukturierten leitfahigen Schicht zumindest
ein biokompatibles Metall umfasst.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 1, worin die zumindest eine strukturierte leit-
fahige Schicht eine Platinschicht umfasst.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 7, wobei diese eine Platinschicht umfasst,
die Uiber der Titanschicht ausgebildet ist.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 1, worin die zumindest eine strukturierte leit-
fahige Schichtzumindesteine Platinschicht umfasst,
die Uber zumindest einer Titanschicht ausgebildet
ist.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 1, worin das Substrat, das eine Mikroelekt-
ronikvorrichtung umfasst, ein Chip mit integriertem
Schaltkreis ist und die elektrische Kontaktstelle Alu-
minium, eine Aluminiumlegierung, Kupfer oder eine
Kupferlegierung ist.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 1, worin die erste strukturierte leitfahige
Schicht Titan und zumindest eine dartber liegende
leitfahige Schicht Platin ist.

Implantierbare Mikroelektronikvorrichtung nach An-
spruch 1, worin eine der leitfahigen Schichten eine
Schulter (65) definiert.

Verfahren zur Herstellung einer Vorrichtung (10), die
einen elektrischen Kontakt aufweist, das folgende

Schritte umfasst:

Bereitstellen einer elektrischen Vorrichtung mit
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einer elektrischen Kontaktstelle (40),
Ausbilden von zumindest einer biokompatiblen
strukturierten leitfahigen ersten Schicht (60a,
60b) Uber der elektrischen Kontaktstelle, welche
sich seitlich auf der elektrischen Kontaktstelle
hin zu dem und Uber den gesamten Rand der
elektrischen Kontaktstelle hinaus erstreckt und
eine Schulter mit der elektrischen Kontaktstelle
bildet, wobei die zumindest eine leitfahige erste
Schicht eine erste Schicht aufweist, die auf der
Kontaktstelle ausgebildet ist,

Ausbilden von zumindest einer biokompatiblen
strukturierten leitfahigen zweiten Schicht (50a,
50b) lGber der zumindest einen strukturierten
leitfahigen ersten Schicht, wobei die zumindest
eine strukturierte leitfahige zweite Schicht eine
oberste elektrische Kontaktflache (55) aufweist,
hermetisches EinschlieRen der sich ergeben-
den Struktur in einem biokompatiblen elektri-
schen Isolator (70) und Bilden einer Offnung
(80) in dem elektrischen Isolator, um die elektri-
sche Kontaktflache freizulegen.

Revendications

Appareil micro-électronique
comprenant :

un dispositif micro-électronique (20) ayant sur lui un
plot de contact électrique (40), ledit plot de contact
étant fait d’'un matériau non-biocompatible,

au moins une premiére couche conductrice modelée
biocompatible (60a, 60b) formée sur ledit plot de
contact électrique, la premiere couche de ladite au
moins une premiere couche conductrice modelée
s’étendantlatéralement sur ledit plot de contact élec-
trique jusqu’a et au-dela du bord entier dudit plot de
contact électrique, formant un épaulement avec ledit
plot de contact électrique, la premiere couche de la-
dite au moins une premiére couche conductrice mo-
delée étant en contact direct avec ledit plot de con-
tact électrique,

au moins une deuxiéme couche conductrice mode-
Iée biocompatible (50a, 50b) formée sur ladite au
moins une premiere couche conductrice modelée,
la surface supérieure (55) de ladite au moins une
deuxieme couche conductrice modelée définissant
une surface de contact électrique externe,

un matériau électriquement isolant biocompatible
(70) entourant hermétiquement ledit dispositif micro-
électronique, ledit matériau électriguement isolant
ayantune ouverture (80) dans laquelle ladite surface
de contact électrique externe est positionnée.

implantable (10),

Appareil micro-électronique implatable de la reven-
dication 1 dans lequel ledit matériau électriquement
isolant est une céramique.
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Appareil micro-électronique implatable de la reven-
dication 2 dans lequel ladite céramique est’alumine,
I'oxyde de zirconium, ou le nitrure d’aluminium.

Appareil micro-électronique implatable de la reven-
dication 2 dans lequel ladite céramique estl’alumine.

Appareil micro-électronique implatable de la reven-
dication 2 dans lequel ledit matériau électriquement
isolant est un oxyde de métal.

Appareil micro-électronique implatable de la reven-
dication 1 dans lequel une premiére couche de ladite
au moins une couche conductrice modelée com-
prend de I'or, du nickel, ou du chrome.

Appareil micro-électronique implatable de la reven-
dication 1 dans lequel une premiére couche de ladite
au moins une couche conductrice modelée com-
prend une couche de titane.

Appareil micro-électronique implatable de la reven-
dication 1 dans lequel une deuxiéme couche de la-
dite au moins une couche conductrice modelée com-
prend au moins un métal biocompatible.

Appareil micro-électronique implatable de la reven-
dication 1 dans lequel ladite au moins une couche
conductrice modelée comprend une couche de pla-
tine.

Appareil micro-électronique implatable de la reven-
dication 7 comprenant une couche de platine formée
sur ladite couche de titane.

Appareil micro-électronique implatable de la reven-
dication 1 dans lequel ladite au moins une couche
conductrice modelée comprend au moins une cou-
che de platine formée sur au moins une couche de
titane.

Appareil micro-électronique implatable de la reven-
dication 1 dans lequel ledit substrat comprenant un
dispositif micro-électronique est une puce a circuit
intégré et ledit plot de contact électrique est de l'alu-
minium, un alliage d’aluminium, du cuivre ou un al-
liage de cuivre.

Appareil micro-électronique implatable de la reven-
dication 1 dans lequel ladite premiére couche con-
ductrice modelée est du titane et au moins une cou-
che conductrice superposée est du platine.

Appareil micro-électronique implatable de la reven-
dication 1 dans lequel une desdites couches con-

ductrices définit un épaulement (65).

Procédé de fabrication d’un appareil (10) ayant un
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10

contact électrique, comprenant les étapes de :

fourniture d'un dispositif électrique (20) ayantun
plot de contact (40),

formation d’au moins une premiére couche con-
ductrice modelée biocompatible (60a, 60b) sur
ledit plot de contact qui s’étend latéralement sur
ledit plot de contact électrique jusqu’a et au-dela
du bord entier dudit plot de contact électrique,
formantun épaulementavecledit plotde contact
électrique, ladite au moins une premiére couche
conductrice ayant une premiére couche formée
sur ledit plot de contact,

formation d’au moins une deuxiéme couche
conductrice modelée biocompatible (50a, 50b)
sur ladite au moins une premiére couche con-
ductrice modelée, ladite au moins une deuxiéme
couche conductrice modelée ayant une surface
de contact électrique supérieure (55),
confinement hermétique de la structure résul-
tante dans un isolant électrique biocompatible
(70), en formant une ouverture (80) dans ledit
isolant électrique de maniere a exposer ladite
surface de contact électrique.



EP 1949 437 B2

20

1"




EP 1949 437 B2

S00-F—
506~

~ 600

e

12




EP 1949 437 B2

S0

13




EP 1949 437 B2

5

FG.

AP
X

AT

6

F6.

14



EP 1949 437 B2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
e US 6844023 B [0003] e US 6858220 B [0006]
¢ US 6516808 B [0005]
Non-patent literature cited in the description

e F.A. SMIDT. International Materials Reviews, 1990, ¢ J.K. HIRVONEN. Mater. Sci. Rep., 1991, vol. 6, 1
vol. 35, 61 [0040] [0040]

15



	bibliography
	description
	claims
	drawings
	cited references

